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S Bemuda grass {Cymidon dac^ri^ is m important soturce of pollen 

all^rgeiQS m mm^ of th<§ N^ddp ^pma% m ts^icai md sub-tropicai 
dimat^. lla^© ffiU©rg©S3slisv©lb©©ffi studied Isy a 

mmBimblottmg (IFord and Baldo, BJk /. M(S^ Immwmd. 79: 711*'720 
(1987); Shm US^ @£ sL, OM. Ms^lQi 401-^9 (198§), ©sliama ehromaiJo^i^hy 
10 (Qrrem, and Dowdle, Afr. Med, L 5ti 586 (1977); MattM^ia ©t aL, /. Ms^ 
CUtl IfmmmL 2% (Ab) (1988)^ and immimodects^sphoresss (MattMesen et 
aLp $1^^% 1988). 

Hie preseno© of BenaaMda grass pollen allergens to t!ha esOTtDEiMeiBLt 
causes ^aj^e^eir and ses^nai asthmsa m many mdmdii&als and condnEes to 

15 signffi(5an^moffbidiKyandgod©°e<soQismicm Waffle 
the aRmilable spetstryma off dnx^ indtading an£i*'Mseasnin^ and steKoidSp hm^ 
restated m impswemeM in the eseatment of alles^c d^ase^ ofeey do hsm 
imfbirtoiase side^e<5^ amtrnted ^& long tenaa iBsaggo Bemase of tliese 
paroblemSj rene^yed inters been shomi in the inmiaBOtherspy of allergie 

20 dises^. IxnMTOOthers^py iwoi^ the injection of potent all^rgsn ostraisas to 
desensitiae psitien^ iganmt allespe ire^om (Botisqiifiett, X and Midael^ FJ3^ 
Mss^ md Ofe Iwm^ Mmi li 740 (1989)o UnteEsnsitelyp she pollen 
preparation Msed m allergen ase polyvalent and of poor cpaii^. Consequjently, 
confssniiratiom of orude esstracts isssed are SreqEaently and may tri^er 

25 potentia% lethal sptemicreactions^indudingans^ Hne product ^pressed 
from ^e doned gene, fragments thereof, or synthetic peptide based on the 
sequence of the allergens pmdde a safer medium for therapy since they can be 
quality controlled, characterised standardised, and they optionally do not bind 
IgE. IhuSp identMcation and isolation of the protein allergem of Bermuda grass 

30 pollen ^uld be useful in developing ther^utic and diagnostic agents to treat 
and diagnose semitsvity in individuals to Bermuda grass pollen allergens. 
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Swimnaiy of flift Tnvieirtion 

The present invention provides nucleic add sequences coding for protein 
allergens of the species Qnodon dactylon, or at least one fragment thereof or the 
functional equivalent of such nucleic add sequences. The present invention also 

5 provides e^iression vectors comprising sudi nucleic add sequoices and host cells 
transformed theievndu The present invention further provides isolated protein 
allergens of Bermuda grass pollen or fragments thereof, bolated protem 
allo-gens of Bermuda grass pollen or antigenic or allergenic fragments thereof are 
useful for ^iflgnnging and treating sensitivity in an individual to Bermuda grass 

10 pollen allergens. 



ftppf T^^srriprinn of «he Fignres 

Fig. 1 shows a Western blot of IgE binding to Berm^uda grass pollen 
aU^gens separated by SDS'PAGE. 
15 Hg. 2 shows IgE binding to fusion proteins on plaque hfts of dDNA dones 
Bl, B2 and B4 of Qfnodon dactyion 

Fig. 3 is the nudeic add sequence and deduced amino add sequence of done 
Bl of C^nodmdact^ilon. 

Fig. 4 shows a Western blot of Bermuda grass pollen proteins separated by 
20 SDS-PAGE and probed witii swafrom allergic indhdduals or with afBnitypurified 
IgE spcdBcaOy reactive ^tfa a done Bl fusion protein. 

Fig. 5 is the nudeic add sequence and deduced amino add sequence of 
done B4 of Cynodon daetylon 

Fig. 6 shows the nudeotide sequence homology between dones Bl (Qn 
25 fl$Bl) andB4of (Qin<5B4) of Cynodon daetylon. Ihcfirst andlast 6nudeotides 
of each sequence represents the EcoRl restriction sites used for doning. 

Fig. 7 shows the deduced amino add sequence homology between clones Bl 
(Qw dSBl) and B4 (Cyn d5B4) of Cynodon dad^n 

Fig. 8 is the nudeic add sequence and deduced amino add sequence of done 
30 B2 of Cynodon daemon. 

Fig. 9 shows the deduced amino add sequence homology between clone B2 
and polygalacturonase from Lycopasicon esculentum(tomdXo). 



1 ciiR^rmiTP CHPST I 



WO 92/16554 



PCr/AU92/001(» 



-3- 

Hg. 10 shows a Western blot of Bennuda grass pollen proteins separated by 
SDS*PAGE and probed with polyclonal antibodies raised against a clone B2 
fusion protein. 

5 Detailgd Description of the Invention 

The present invention provides nucleic add sequences coding for protein 
allergens of the species Cynodondactyloft Hie nucleic add sequences coding for 
Cynodon dadyUm allergens prderably oon^>rise the nudeic add sequence of 
Qone Bl, done B4, and Qone B2. Nudeic adds coding for Bermuda grass 

10 pollen allergens may be obtained from ai^ part of Cynodon dactylon plants. 
Nudeic adds encoding Bennuda grass pollen allergens may also be obtained from 
genomic DNA. Hie nudeic adds coding for protein allergens of the present 
invention may be obtained using the method disclosed herein or any other 
suitable technique for isolation and doning of genes* The nuddc adds of the 

IS uxvention may be DNA or RNA. 

Preferred nudeic add sequences of the {H-esent invention comprise the 
nudeic add sequences of done Bl, as shown in Fig. 3, Qone B4, as shown in 
Fig. 5, and done B2, as shown in Hg 8. Hie nudeic add sequence and 
deduced amino add sequence of Qone Bl is shown in Fig. 3. Nudeotides 1 

20 through 213 comjnise the open reading frame for Qone Bl axid encode 71 
amino adds. This done encodes a partial sequence of a Bennuda grass pollen 
allergen. Tlie reading frame was determined by direa nudeotide sequencing 
of the junction between the original pGEX-1 done and the Bl insert 
Nudeotides 214 through 468 comprise the 3' untranslated region of this done. 

2S The nuddc add sequence and predicted amino add sequence for the done B4 
is shown in Fig. 5. Nudeotides 1 through 219 comprise the open reading 
frame for this done and encode 73 amino adds. Qone B4 encodes a partial 
sequence of a Bermuda grass pollen allergen. The reading frame was 
determined by direct nudeotide sequencing of the junction between the 

30 original pGEX-1 done and the B4 msert Nudeotides 220 through 429 
comprise the 3' untranslated region of this done. 
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It was determined that the cDNA insert of clones Bl and B4 encode 
partial sequences of related protein allergens of Cynodon dadylon The 
nucleotide homology between clones Bl and B4 is shown in Fig. 6. Qone B4 
5 has a six nucleotide insert relative to done Bl in the coding sequence. Hiis 
nucleotide homology was demonstrated using software contained in PCG^JE 
(Intelligenetics, Mountain View, CA). The deduced amino add homology 
between dones Bl and B4 has also been determined (See Fig. 7). The 
deduced amino asid sequmce of done B4 has two more amino adds than the 

10 deduced amino add sequence of done Bl. Otherwise, the amino add 
sequences are identical. TTie amino add homology was demonstrated using 
software contained in PCGENE (Intelligenetics, Mountain View, CA). 

The nudeic add sequence and deduced amino add sequence for done B2 
is shown in Rg. 8. Nudeotides 1 througji 741 form a long open reading frame 

15 that encodes 247 amino adds. There are 4 potential N-gfeicosyiation sites with 
die consensus N-X-S/T sequence: amino adds 5-7 (N-A-T), amino adds 55-57 
(N-V-T), amino adds 185-187 (N-I-T) and amino adds 223-225 (N-K-T). 
Qone B2 encodes a partial sequmce of a Bermuda grass pollen allorgen. The 
partial protein encoded by done B2 was found to be related to 

20 polygalacturonase 2A precursor from Lycopcrstonesoi^^ Fig. 9 

shows the homology between the deduced amino add sequence of done B2 
and pofygalacturonase 2A precursor from L. esadentum, The partial B2 
protein sequence has 42.9% homotagy widi polygalacturonase 2A precursor 
(332% identity, 9.7% similarity). This homology was demonstrated by 

25 scanning die Swiss-Prot protein data base with the FSTPSCAN program and 
using the PAUGN program. Bofli programs are contained in the PCGENE 
software package (Intelligenetics, Mountain View, CA). 

Fragments of nudeic add sequences coding for allergens of the spedes 
Cynodon dadylon are also witiiin the scope of the invention. Fragments within 

30 the scope of die irrvention include tiiose coding for portions of Cynodon dac^ion 
Mvhidti induce inmiune response in mammals, preferably humans, such as 
stimulation of minimal amounts of IgE binding of IgE; elidting tiie production of 
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IgO md IgM smttedi^; ©lidtiBg a T osU respome sudi as T cell proliferadosi 
and/or Ipiiphoktae secredon aad/or She indsiction off T cell ainergy* Hae 
foregoing fragments of a protein aMergen of the spedes C^mdm d^^^on are 
referred to herein as antigenic fragments. Fragments mthin the scope of the 
5 invention also indiiKile those capable of hybridizing with a nudeic add sequence 
from other plans spedes. for use in screening protocols to detect allergens ^^ch 
are amsTeactive with a protein allergen of the sped^ C^mdon dm:t^n As 
used herein, a fragment of a nudeic add sequence coding for a protein aileron 
of the spedes ^^tadon da&^n refers to a nudeotide seqi&enoe having fewer 

10 bases than the nudeotid® sequence coding for the entire amino add sequence of 
a prosek aSlergen off the spedes Cyamdjan dm:^n and/or masure ^^arndm 
dsc^n^'^m alles^geni Generallyp a nudeic add sequence encoding a fragment 
or fragments of protein aSlergeM off the sped^ Q^smte (jfe^^jto^smU be select 
from She bases coding for the mature pstoteino How^gveTpinsomeiis^tanceSsismay 

15 be desirable to select all or a pars of a fragment or fragment from the leader 
sequence portion of the nudeic add sequence of the invention. Nudeic add 
sequences of she invention may contain Imker sequences, restricition 
endonudease sis^ and other sequence useful for donin^ €^ession or 
purification of CymSs^m d&^i^n allergens or fragments thereof* 

20 l^iepstssentin^ntaon provide es^E^essionwctof^ transformed 
to espE^ nudeic add sequenisgs of she ss^ntioa. A nudeic add sequence 
encoding a Bermuda grass pollen allergens^ or at least one fragment thereof can 
be es^ssessed in a bacterial cell sudi as E, cd^ insect cells^ yeast, or mammalian 
cells such as <^inese hamster ovary cells (CHO). Suitable e^ession vector 

25 promotes^ enhancers, and other e^ession control elements can be found in 
Sambrook et aL, Mdmd^ Qo?dFig: A Lab^mioTy Mams^ second edition. Cold 
Spring Harbor Laboratory Pr^, Cold Spring Harbors New Yoris, lS®9o 
Expression in yeast, insect or mammalian cells would lead to partial or complete 
glycosyladon of the recombinant material and formation of any inter* or intra*" 

30 chain disulfide bonds, if such esdst Suitable vectors for e?q)ression in yeast 
indude YepSecl (Baldari et al., (1987) En^oL 6: 229'*234); pMFa (Kuijan and 
Herskowitz (1982) Cdl 2®: 933-943); and JRY88 (Schultz et al^ (1987) Gem S4: 
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113-123). 

For espression im E. cd^ saiiabk es^ression vectors mdsid& pTRC (Amaaa 
et al., (1988) G@m<S&i 301-315); pGEX (Amrad Corp., Melbourne, Australia); 
pMAL (N£. Biolabs, Beverly, MA); pRITS (Pharmacia, Piscaiaway, NJ); sad 
5 pSEM (Knapp et aL (1^) 3ioTechni^&: 280-281). The ixse of pTRC aad 
pETlld (Novagess, Madison, WI; Jameel et. aL, J.Viid. (54: 3963-3966 (1991)) 
lead to the e5?)ression of aa wafused protein . Ihe me of pMAL, pRTTS, pSEM, 
and pGEX wilB lead to the s^ession of an allergen fiased to maltose E binding 
protein (pMAL), protein A (pRTTS), truncated p-galactosidase (pSEM) or 

10 glutathione S-trasssf^ase ^EX). When a Bermuda grass pollen allergen or 
fragment thereof is e^essed as a fusion protein, it is partieularly advantageous 
to introduce an enzymatic deavage site at the fusion junction between the casrier 
protein and the allergen or fragment thereof. Ihe protein allergen or fragment 
thereof may then be recowsred from the fusion protein &rou^ enzymatic 

15 deavage at the en^nnatic sit© and biochemical purificatioffl using com^sntional 
techniques for purification of proteins aad peptides. Suitable enzymatie deavage 
sites indude these Ssr blood dotting Factor Xa or toombim for ^di the 
appropriate enzymes and protocol^ &r deavage are ojmmerdalfy arable feuasa, 
for esample, Sigma Chemical Qsmpany, St Louis, MO and N.E. Biolabs, Be^rly, 

20 MA. Host cells can be transfbraied to espress nudeic add sequences 'of the 
in^ntion using oomrentioniS tedmiques such as caldum phcsjdiate or caldum 
diloride co-predpitatioffl, DEAE-dessraa-mediated transfectioa, or 
electroporatioa Suitable methods for transforming the host cells may bs found 
in Sambrcok et aL, s&^m, isnd oth^ laboratory textbooks. 

25 iiie present imention also provides methods for producing a Bermuda gra^ 
pollen allergen or at least one fragment fliweof . According to one method, a host 
cell transfomed with a DNA sequeace encoding all or a portion of a Bermuda 
grass pollen allesfgen is cultured in an appropriate medium to produce a misture 
of cells and medhim containing the protein allergen or fragment thereof. The 

30 mixture is then purified to produce substantially pure protein allergen or a 
fragment thereof. A Bermuda grass poUen allergen and fragments thereof can be 
purified from cell culture medium, host cells, or both using tediniques known in 
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the .mi fcsr purifying pspddes aad proeesm indudrng ion-oadxange 
dxromsto^fipliyp ^1 falerstioa chromatography^ ultraMtratioHs, dectraphox^^is md 
inmimopiisMcatioa mth aatibedi©s specific for a Bemiida grass pollen aJlergen 
or fragments thereof. Acoarding to another method, isolated Bermuda grass 
5 pollen allergen or at least one fragment thereof can be synthesized chemically 
using techniques known in the art. Ihe terms isolated and purified ss^ used 
interchangeably herein and refer to peptides, protein, protein firagments, and 
nucleic add sequences substantially free of cellular material or culture medium 
^en produced by reoombinaat DNA techniques, or chemicall precursors or other 

10 chemicals ^en synthesized chemically or ^en purified from pollen, 

Flragments of a protein allergen fwm Bermuda grass pollen can be obtained, 
for example, by screening peptides sj^thesized from the corresponding fragment 
of a nucleic acid sequence of the im^ention coding for su^ peptid*^ or 
synthesized chemically using techniques knom in the ar^ Peptide fragment of 

15 the allergen may be obtained by any method teom in the art sudx as chemical 
clesRragg of ^he alergeSa axbiMry drmion of the allergen into fragments of a 
desired length mth no owdf^ of the peptides, or preferably drmion of the 
allergen into o^^ls^3ping fragments of a desimi length. Hie fragments can be 
tested to determine antagenidty (e.g^ the ability of the fragment to induce an 

20 immune r^ponse). Such fragmente are referred to herein as antigenic fragmented 
Fragments of Bsmuda ^a^ psiotein dlej:^ns ^^cfe capable of elidtaag a T 
cell respome such as stimulation (ie., proliferaldon or IjraphoMne secretdon) 
and/or are capable of inducing T ceil anergy are particularly desirable. 
Fragments of protein allergens do not bind isamunoglobuiin E (IgE) or 

25 bind IgE to a substantially lesser ^tent than the ps^otein allergen fr^m the 
fragments are derived binds IgE are also particularly desirable. The major 
complications of standard immunotherapy are sj^temic responses such as 
anaphylasds. Immunoglobulin E is a mediator of anaph34actic reactions ^ich 
result from the binding and cross-linMng of antigen to IgE on mast cells or 

30 basophils and the release of mediators (e.g*, histamine, serotonin, eosinophil, 
chemotacdc factors). Thus, anaphylam could be avoided by the use of a 
fragment ^^Mch does not bind IgE, or if the fragment binds IgJE, su^ binding does 
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BOt result ia tiie irelesse of mediatos^ (e-g., Mstasaia© eta) from mast cdls or 

pasticidarly desirable for therapeutic effecthresess. Miiaimal Ig^ stimulatiBg 
actmQr refers to IgE stimulatiisg activiity is less £han die amount of IgE 
5 productioKi stimulated by the ^ole Bermuda grass protein allergea 

Protein allergens firom Bermuda grass pollen and preferred antigenic 
fragments th^eof^ ^en administered to a Bermuda grass pollen-sensitive 
indmdualj are capable of modi^g the all^gic r^ponse of the individual to the 
allergen, and preferably are capable of modifying the B ceH, the T cell r^ponse 

10 or both the B cell and the T cell response of the individual to the allergen, M 
used hereins, modification of the aller^c response of an nndMdual sensitive to a 
Beranuda grass pollen allergen can be defined as non-respomivene^ or 
diminution in symptoms to the allergen, as determined by standard dinical 
procedures. (See e.g., Vamey et aL, Bitish Medical Jommd 3©£ 265-269 (ISSO)). 

15 Initial screening for IgjE binding to a protein allergen or fragments thereof may 
be performed by scratch tests or intradermal sMn tests on laboratory animals or 
human volunteers, or in ^ systems such as RAST (radioaller]gosorbent test), 
EAST inhibition, EOSA assay or radioimmunoa^ay (RIA). • 

Antigenic fragments of the present invention ^ch have T cell stimulating 

20 activity^ and compdse at least one ToeU epitope are particiida^ TceB 
epitopes ^e believed to be involved in initiation and perpetuation of the immune 
respome to a protein allergen v^ch is responsible for the dinical sjsnptoms of 
allersf. Haese T cell epitope are thought to tri^r early events at ^e level of 
the T helper cell by binding to an appropriate HLA molecule on the surface of 

25 an antigen presenting cell and stimulating the relevant T cell subpopulation. 
These events lead to T cell proliferation, lymphoMne secretion, local 
inflammatory reactions, restiitment of additional immune cells to the site, and 
activation of the B cell cascade leading to production of antibodies. One isotype 
of these antibodies, IgE, is fundamentally important to the development of 

30 allergic symptoms and its production is influenced early in the cascade of events, 
at the level of the T helper cell, by the nature of the lymphoMnes secreted A T 
cell epitope is the basic element or smallest unit of recognition by a T cell 
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reosptor, ^eire th® epitope ooMpmes amim adds ^©Bdsl to srecsptor 
reoognitioB md may bs ooutiguioias and/or saoKi-ooEtagiMJK in the aisiia© add 
sequence of die protein. AmiBO add sequences ^Mdn mimic those of the T oeU 
epitopes and which modify the allergic respoose to protein allergem are within 
S the scope of this in^ntion. 

Exposure of patients to antigenic fragments of the present snventioBi deri^ 
from protein allergens may toiedse or anergise appropriate T cell subpopmlataons 
such that they beoome unrespoi^ive to the protein allergen and do not parddpate 
•in stimulating an immune response upon sudi exposure. In addition, 

10 administration of an antigenic fragment of the present isivention may modify the 
lymphoMne secretion profile as compared with e^q^iire to the namraUyt^cosmng 
protein allergen or portion thereof (e^g.^ result in a decrease of and/or an 
increase in JL-t). Furthersaoire, <^^0sure to the antigemc fragment may influence 
T cell subpopulations ^ch normallly partidpate in the irespons© to the allergen 

IS such that these T cells are dram a^y from the site(s) of normal es^josure to the 
allergen (e.g^ nasal mmma, sksn, and lung) towards tbe site(s) of therapeutic 
administration of the fragment Biis redistribution of T cell subpopulataoos may 
ameliorate or reduce the ability of an indMdual's ixmnune sjFStem to stimulate the 
usual immune response at the sit© of normal exposure to the aileron, resisting 

20 in a diminution in allergic symptoms* 

Bermuda grsss protein allergens and fragment or portiom derimi therefrom 
(peptides) can bs used in methods of diagncsings treating and pre^nting allergic 
reacdons to Bermuda gra^ poUea I^us, the present invention provides 
ther^utic compositions comprising an isolated Bermuda grass pollen allergen 

25 or at least one fragment thereof and a pharmaceutically acceptable carrier or 
diluent Hie Bermuda grass pollen allergen or at least one fragment thereof is 
preferably produced in a mast cell transformed to express the protein allergen or 
the fragment thereof or is sj/nthetically prepared* Adnunistradon of the 
therapeutic compositions of the present invention to an individual to be 

30 desensitized can be carried out using known techniques. Bermuda grass pollen 
allergen or a fragment thereof can be administered to an individual in 
combination with, for example, an appropriate diluent, a carrier and/or an 
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adjiE^t Phamaceudcally acceptable diluents iadisde salm© md aqueous buffer 
solutxoEss. Phamaceudcaly acosp^abl© camm indude po^%ieae ^jroi 
et aL (1981) Aiich. Me^ Ap^d. Immmd. and liposomes (Strejan 

et al. (19S4) /. Newommmmd. 7: 27). Suda compositioas ^ generally be 
5 administeredby injection, oral administration, inhalation, transdermal application 
or rectal administration, llae therapeutic compositions of the invention are 
administered to Bermuda grass pollen-sensitive individuals at dosage and for 
lengths of time effective to reduce sensitivity (i.e, reduce the allergic response) of 
the individual to Bermuda grass pollen- Effective amounts of the thers^utic 

10 compositions will vary according to factors sudi as the degree of sensitivity of the 
individual to Bermuda grass poUen, the age, ses^ and ^i^t-of the individual, and 
the ability of the Bermuda grass pollen allergen or fragment thereof to elidt an 
antigenic response in the individuaL 

cDNA coding for a Bermuda grs^ pollen allergen (or the eqRNA from vMdi 

15 it^^^ transcribed) or aportion thereof can b© used to identi^ similar sequences 
in any variety or type of plane and thus, to identify or **puU out" sequences 
have suffident homology to hybridize to the cDNA of the protein all^gen or 
mRNA or portion thereof. For esample, cDNA of the present invention may 
hybridize to DNA from temperate grasses such as rye-grass, Kentuc^Blue grass, 

20 Hmothy grass and ordiaird grasSp and fiom other grasses suda as Bahia grass and 
sor^um, under OTnditions of low stringenqr. Ihose sequences ^da ha^ 
suffident homolo^r (generally greater than 40%) can be selected for further 
assessment using the method described herein. Alternatively, high stringes^ 
conditions can be used. In iflais nmnner, DNA of the present invention can be 

25 used to identify, in other types of plants, preferably related families, genera, or 
spedes, sequences encoding polypeptides having amino add sequences similar to 
that of a Bermuda grass pollen allergen, and thus to identify allergens in other 
spedes. Thus, the present invention indudes not only Bermuda grass allergens, 
but also other allergens encoded by DNA ^ich hjtoridizes to DNA of the present 

30 invention. The invention further indudes protein allergens or fragments thereof 
vs^ch are immunologically related to a Bermuda grass protein allergen or 
fragments thereof, such as by antibody cross-reactivity, herein the protein 
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siUergem or firagm®sits hereof ar© c^sible of bmdiog to aatsbodies spedHc for the 
BermnMilsi grass poUesiL protem or &agm@ni£s of the ixs^Miosu 

Proteim or peptides encoded by the cDNA of Jhe present imentioa om be 
used, for example ss "'purMed" allergens. Such purified sdlergens are usefial in &e 
5 standardization of allergen esdrsicts ^s^ch are key reagents for the diagnosis and 
treatment of sensitivity io a Bermiada grass pollen alles^ia, Fyrthermorep by 
issing proteins or Sragments thereof bssed on the nuideic add sequ&ences of dones 
Bl» B2 and B4, anti°peptide andsera, polydonal antibodies or monodonal 
antibodies can be made using standard methods. Tbese sera or polyclonal or 

10 monoclonal antibodies can be' used to standardise allergen esiracts and/or used 
- in purification of native or recombinant protein allergens. 

HBToug^ use of the Bermuda grass pollen proteins and antigenic firapaents 
of the present inventions psrepiratioi^ coisiskfientg ^ll-^dtefined oompt^idon and 
biological activity can be made and admisdstered for ther^utic purposes (e.g. 

IS to modify the allergic response of a Benniuida grass poUen-^sensitive individual* 
Administration of suda peptides or jOTitein may, for essmple, modify B-cell 
response to Bermiada grs^ pjtstein allergen^ T cell n^ponse to a Bermuda gra^ 
protein allergen or both rt^pomes. IFurified peptides can also be used to stusty 
the mechanism of immunotherapy of Bermuda grass polen aller^ and to design 

20 modified derivatives or analogues useful in inmunotherapy. 

It is pt^iible to modify the stru^iure of the psotein alll@r]^m or firagmente 
thereof of the ixiiveEtion, for mdk puspcses as insfe^ing solubilityp enhancing 
ther^udc or preventive eMcaqr^ or stability (e.g-^ shelf life (Sk vi^c^ and 
r^istance to proteolytic degradation m vmi). A modified protein allergen or a 

25 modified fragment thereof can be produ^d in ^^^ch the amino add sequence has 
been altered, sudi as by amino add sut^titution, deletion, or addition, to nt&odify 
immimogenidty and/or reduce allergenidtyp or to ^idi a component h^ been 
added for the same purpose. For e^sample, the amino add residues essential to 
T cell epitope function can be determined losing kno^ techniques (e.g., 

30 substitution of each residue and determination of presence or absence of T cell 
reactivity). Hiose residues shown to be essential can be modified (e.g., replaced 
by another amino add ^ose presence is shown to enhance T cell reactivity), as 
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can tSic^ wSmSx are not reqdred for T <sdl reacimty (<g.g^ by bdiag ir©plse©d by 
ano&er smmo add ^©s© mcofporaidoa ©sahasaoes T cell reajstivity but dc^ ml 
diminish binding to relevant MHC). In order to enhanos stabilitty and/or 
reactrvitty, a protein allergen or fragment hereof can also be modified to 
5 incorporate one or more polymorphisms in the amino add sequence of a protein 
allergenresultingfromnatiiiral allelic variatioa AdditionalypD-amisoadd^ non- 
natural amino adds or non-amino add aaalogues can be substituted or added to 
produce a modified protein or fragment mtMn die scops of this invention. 
Furthermore^ protein allergens or fragments can be modified using the 

10 polyethj^ene glycol (PEG) method of A. Sehon and co^rkers (Wie et aL sE^r^ 
to produce a peptide conjiigated with PEG. Modifications of protein allergens 
or fragments thereof can also iadude reduction/al^ation (Tarr in: MiBikod^ €f 
PstMein Mkmchamctey^iaik JJB. Silver ed Humana Press, Oifton, pp 155- 
194 (1986)); aqdation (Tarr, ssq>m)i (^terification (Tarr, si^); diemical coupling 

15 to an appropriate carrier (B/Sshell and Shii^ eds, Sdemd Mdhod^ U CdMm* 
ImmmOm ™ Freeman, San Francto, €A (1980); US. Patent 4,939,239); or 
mild formalin treatment (Marsh imsmMkmM AinM^es ASe^^ md AppiM 
Immmdi^^ti 199-215 (1971)), 

Site-directed mutagenesis of DMA encoding a protein allergen or fragment 

20 thereof can be used to modify the structure* Such methods mayinvolve PGR (Ho 
et aL, Ge?je 7751-59 (1989)) or total iyathCTS of mutated genes (Hcstomsky, Zo, 
* et al., BiGchem. BiapP^. Riss. O^mm, M110S6-1CS3 (1989)). To enhance 
bacterial e5q)ressaon,flie aforementioned methods can be lased in conjunction mth 
other proosdures to change the eucas^^tic oodons in DNA construct encoding 

25 recombitope peptides to ones preferentialty used in E. cdi 

Using the structural infosmation now available, it is possible to design 
Bermuda grass protein allergen peptides ^ch, ^en administered to a Bermuda 
grass pollen sensitive individual in sufficient quantities, ^ modify the individual's 
allergic response to Bermuda grass pollen. This can be done, for eseample, by 

30 examining the structure of a Bennuda grass pollen allergen or peptide such as 
those partially or fully encoded for by clones Bl, B2 and B4, producing peptides 
(via an expression sj^tem, synthetically or otherwise) to be examined for their 
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10 



IS 



20 



25 



sibility to mfluenos B (oall &Bd/or T cell resposises in Bennuda grass pollen 
seiQsitsv© mdmdusils and s^siscting appropriate @ or T osU epitopes reoognimi by 
the ceUs. Protein, peptides or antibodies of the present indention can also be 
lased for detecting md diagnosing sensitivity to Bermuda grass pollon allergem. 
For example, this coiold be done by oombining blood or blood products obtained 
fwm m indmdual to be ass^sed for sensitivity to Berenmia grass pollen ^th an 
isolated antigenic &agmem of a Bemi&da grass pollen allergen, or isolated 
Bermuda grm pollen dlergen, tmder conditaom appropriate for binding of 
components (e.g., antibodies, T cells, B ceils) in the Mood m& the &agment(s) 
or protein and determining the esstent to ^^ch such binding occurs. 

It is mm also possible to design an agent or a drug capable of blocMng or 
inhibiting the ability of Bermuda grass pollen allergen to induce an allergic 
reaction in Bermuda gra^ pollen sensitive SndividMk. Sucfe ngen^ mvM be 
designed, for esample, in su^ a y^jp^iinnKsr that they wjuld band to relevant anti* 
Bermuda gr£^ pratein aller^n^IgB's, thus preventing IgE°allergen binding and 
subsequent mast osl dep'anuladon, Altematsvelyp mdk agen^ could bind to 
cellular components of the jirnfiUfff^Ta^ntQ sj/stem, resulting in suj^sr^^ion or 
desensitization of the allergic respoxi^ to Bermuda grass pollen allergens. A nom 
restrictive esample of this is the use of appf^praate B and T cell epitope peptides, 
or modifications theireo^ hmM on the cDHA/ps:tDtein structure of the present 
invention to supps^ the aler^cir^rai^ to Bermuda IMscanbe 
carded out by defining the stSBCtures of B** and T oeU epitope pej^ides ^^ch 
affect B and T cell function in M v&t? studio with blood component Ifrom 
Bermuda grass pollen sesssitive individuals. 

Hie DNA used in any embodiment of this invention can be cDNA obtained 
m described herein, or altemativeiy, can be any oligodeo^udeotide sequence 
having all or a portion of a sequence represented herein, or their functional 
equivalents. Such oligodecs^udeotide sequences can be produced chemically or 
mechanically, using knomi techniques. A functional equivalent of an 
oligonucleotide sequence is one ^^ch is capable of hybridizing to a 
complementary oligonucleotide to^?R^ch the sequence (or corresponding sequence 
portions) of Fig. 3, Fig. 5, or Fig. 8 or fragments thereof hjferidizes, or the 
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sequence (or corresponding sequence portion) complementary to the nucleic add 
sequences of Fig. 3, Fig. 5, or Fig. 8, and/or ^ch encodes a product (e.g., a 
polypeptide or peptide) having the same functional characteristics of die product 
encoded by the sequence (or corresponding sequence portion) of Fig. 3, Fig. 5, 
5 or Fig. 8, Whether a functional equivalent must meet one or both criteria will 
depend on its use (e.g., if it is to be used only as an oUgoprobe, it need meet only 
the first criterion and if it is to be used to produce a Cynodon dactjionaOergfiii, 
it need only meet the second criterion). 

This invention is furflier illustrated by die followmg non-limiting examples. 

10 

Example 1 rharagferi«ti n i» anrt isniaHon nf cPNA clonf^ fflicodifir Bfflimd a 

grass IHT"'^ anergens 

Pollen of Bermuda grass, Cynodon dactylon, was purchased from Greer 
Laboratories, Lenoir, NC, USA. Bermuda grass inflorescence containing near 
15 mature andieis were collected in Melbourne and used as a source of fresh 
pollen. 

Soluble proteins were extracted from rye-grass pollen by -vigorous shaking 
in PBS (150 mM Nad, pH 72) containing ImM PMSF on ice for 3 hours. 
Conditions for electiwphoresis and immunoblotting were essentially as 
20 described (Sin^ MB., and Knox, RJ3., Int. Archs, Allergy AppL. Immun. 78: 
300-304 (1985). For IgE antibo(fy binding, Wots were incubated in serum from 
an individual allergic to Bermuda grass pollen , diluted 1:5 in TBS/0.5% w/v 
BSA. The bound IgE was detected (Ford, D., and Baldo, B A, Int. Ardis. 
AOagyAppl. Immun. 81: 193-203 (1986), using '^Si-labeUed anti-human IgE 

25 (Kallestad, USA). 

Western blots were made from Bermuda grass pollen extract separated by 
SDS-PAGE and incubated in grass poUen -allergic patient's serum (Figure 1). 
Hie components in tiie poUen extract bind IgE, of -w^ich five bands show a 
particularly intense reaction. These are assumed to be major allergens. The 

30 five bands show apparent molecular weights of 17,3032,45 and 55 KDA (Figure 

1). 
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Poly (A^) mRNA was isolated essentially as described (Herrin, D» and 
Nfichaels, Plaru Md. Bid. Reporter!: 24-29 (1984)). cDNA was 
synthetized (Gubler, U. and Hof&nan, BJ^ Gene 25: 263-367 (1983)) and 
5 cloned into the EcoRl site of the vector 1-gtlL Immunological screening was 
done by plating the cDNA library, and saeening diqplicate filters with IgE 
from the serum of allergic individuals. Bound IgE was detected as above. The 
plaques ^^^ch were IgE-positive on both of the duplicate filters were picked 
off and purified. 

10 Hie cDNA library was screened with IgJB antibodies from allergic patient's 
serum KR. The serum used was from a single patient (KR) who showed 
strong reactivity to Bermuda grass and rye-grass pollen samples. No patient's 
sera showed IgE binding only to Bermtida grass in the samples tested to date. 
Three clones were positive, Bl, B2 and B4. Of these three dones, the fusion 

15 proteins of Bl and B4 bound IgE more strongjiy than B2 (Figure 2). 

The sizes of the cDNA inserts of these dones were as follows: Bl, 468 
base pairs (bp); B2, 997bp; B4 429bp. 

Tlie d3NA dones Bl, B2, and B4 were isolated firom the phage, subdoned 
into pGEM-3Z vectors (Promega) and sequenced. DNA sequencing of the 

20 inserts of dones Bl and B4 was performed using T7 DNA polymerase and 
dideoQ^ nudeotide termination reactions (Sand^ fiL al, Pmc Natl, Anari M 
USA 24; 546(^5463, 1977). [^] dATP was used as the labd (See Fig. 3 
Fig. S). DNA sequencing of the EcoRl insert in done B2 was performed 
using standard dideos^ nudeotide termination reactions containing 7-deaza 

25 dGTP. 7-deaza dITP was used, if necessary, to resolve severe GC band 
compressions. [^]dATP was used as the label (See Fig. 8). 
Exaniplc2 Prodnction of fiision protein from done Bl 

The protein encoded by done Bl was e3q}ressed as a fusion with b- 
galactosidase. Lambda-gtll containing done Bl cDNA inserts in E. cat/were 

30 plated onto Luria-Bertani (LB) plates. After three hours growfli at 42°C, the 
plates were overlayed with isopropyi-b-D-thiogalacto-pyranoside (IPTG) 
impregnated nitrocellulose filters (Hybond-C extra, Amersham) in order to 
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induce pnxiuction of fusion protein. Hie plates were then incubated for four 
houis at ST^C, after winch the filters were inverted and left for an additional 
four hours to enable the transfer of recombinant b-gal-Bl fusion protein to the 
nitrocellulose. These protein plaque lifts were incubated in 10% milk powder 
5 in phosphate buffered saline (PBS), to block unreacted binding sites. 

Examples Prodnction o f pGEX-B2 fiiston protein 

Hie cDNA done B2 was subdoned into the pGEX plasmid e^qnression 
system. The ejqDression of the protein as a fusion with glutathione S- 

10 transferase (GST) was carried out according to the procedure outlined by 
Smith and Johnson, Gem 67: 31-40 (1988). Ovemig^it cultures of E. arfi" widi 
recombinant pCEX-B2 plasmid were diluted 1:10 in firesh Luria broth and 
grown for 1 hour at 3TC with vigorous shaking. Fusion protein production 
was induced by adding IPTG to a final concentration of 0.1 mM. The cells 

15 were grown for a further 4-5 hours after wfaidi they were pelletted and 

resuspended in PBS (ISOmM NaO, 16mM Na2HP04, 4mM NaHP04, pH 72). 
The cells were lysed by subjecting the mixture to 3 fireeze-thaw cydes in liquid 
nitrogen and the supernatant containing the GST-B2 fusion protein collected 
after centrifugation. 

20 Tlie supernatant containing the GST-B2 fusion protein was applied to the 
Siqjerdex 75 HR10\30 column (PhannadaLKB, Sweden). Tlie sample was 
eluted fi-om the column with 50 mM PBS containing 0.02% sodium azide, at a 
constant flow rate of Iml/min at room temperature (RT). TTie fractions 
containing the fusion protein were identified by dotting 5ml of each fi'action 

25 onto nitrocellulose membrane (BA 0.45mm, Schleicher and Schuell, Dassel, 
Germany) and screening with sera fi'om allergic patients for binding of spedfic 
IgE. The protein was concentrated using minicon Ultrafree-MC lOOOONM WL 
filter unit (Millipore). 
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Exaill|dc4 TnmmnohlQt Analysis and the prodncrioTi of polvdoTial and 

nwHodonal antibodica 

Soluble proteins were extracted from Bermuda grass pollen by vigorous 
5 shaking in PBS (15mM NaCl, pH 12) on ice for 3 hours. Ptoteins were 

separated on 12% polyacrylamide gels using the Biorad mini Protean II system. 
The gels were either stained with Coomassie brilliant blue to visualize proteins 
or the proteins were transferred to nitrocellulose as according to the method 
described by Towbin et aL, Proc. Nat. Acad. ScL USA, 76: 4350,4354 (1979). 
10 Unreacted binding sites on these Western blots were blocked by incubation in 
10% milk powder for at least one hour. 

A 5:grefiningwith pnlydonnl iinrihndiefi. 

Mouse antibodies specific for B2 antigens were prepared by immuniring 
female BALB/c mice with an intrqieritoneal (Lp.) injection of 5Qmg of FPLC 

15 purified CST-B2 fusion protein in 0.1ml PBS and 0.1ml RIBI adjuvant 
Fourteen days later a booster Lp. of the same material was given. After 10 
days the mice were bled. Ihe serum was screened for binding to dot blots of 
GST-B2 protein. Fourteen days later, die selected mice were given an Lp. 
booster of 02ml containing 50mg fusion protein only. Four days after the last 

20 immunization the mouse was bled Serum was obtained by incubation at 37C 
for 1 hour followed by centrifugation at 2500 rpm for 10 minutes. Polyclonal 
antibodies will be generated against the proteins or peptides partially or fiilly 
encoded by the nucleic add sequences of dones Bl and B4 using the same 
method. 

25 Western blots were incubated with the antibodies obtained above, for 3 
hours at room temperature (RT). lliese blots were washed twice in PBS 
containing 0.1% Tween*20, twice in PBS, then incubated in peroxidase 
labelied-anti-mouse Ig for one hour at RT. This was followed by washing and 
color development as described by Singh, MB. and Knox, Int. Archs. 

30 AUefQ^ Appl. Jmmun. 78: 300-304 (1985). Results are shown in Fig. 10. 

Figure 8 illustrates Western blots of Bermuda grass pollen proteins 
probed with (a) 1/100 dilution ofdoneB2 specific antiserum, (b) 1/250 
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dflution of done B2 specific antiserum, (c) Serum of an allergic individual (d) 
soluble Bennuda grass pollen proteins separated by SDS-PAGE. Hie clone 
B2 specific antiserum recognizes a protein with MW of approximately 61kD* 
This protein binds IgJE from serum of an allergic individual. Monoclonal 
5 antibodies will be raised against the proteins or peptides partially or fully 
encoded by the nucleic add sequences of dones Bl, B2 and B4. The spleen 
cells are being collected firom nuce sdected as above four days after the 
boostering injection. B cells in the spleen will be fused with a suitable 
myeloma fusion partner using standard methodology (Harlow, E, and Lane 
10 ArUibodies. A Loftom^oo^ MonwoZ. Cold Spring Harbor Laboratory^ 
(1988)), 

B .SgreemTi^wifh hnman serum nr affinity purified TgE 
Six b-gal-Bl fusion protein plaque lifts and non-recombinant 1-gtll protein 
plaque lifts (as control) were prepared as described above. These protein 
15 plaque lifts were incubated overnight in serum from an individual allergic to 
Bermuda grass pollen, washed twice with PBS containing 0.1% Tween 20 and 
then twice with PBS only. The bound IgjE antibodies were eluted with 0.1 M 
glydne-HO, pH 2.6/1% BSA and used as affinity purified IgE to probe 
Western blots. 

20 Western blots were incubated in sera from allergic individuals or in affinity 
purified IgE overnight at RT. IgE binding was detected by incubation of the 
blot in *^I-labelled anti-human IgE overnight at RT and autoradiography, or 
by incubation in rabbit anti-human IgE followed by incubation in peroxidase 
labelled anti-rabbit Ig and color development as described above. Results are 

25 shown in Fig. 4. 

Figure 4, colimms b-d illustrate Western blots of Bermuda grass pollen 
proteins separated by SDS-PAGE and probed with (b) IgE affinity purified 
from non-recombinant Lambda-gtll. (c) IgE affinity purified from clone Bl 
fusion protein, (d) serum after incubation with Bl protein plaque lifts, (c) 

30 serum before incubation with Bl protein plaque lifts (total serum). After 
incubation of Bl protein plaque lifts in serum, IgE specific to a protein with 
MW 12kD is depleted from die serum. IgE affinity purified from Bl fusion 



ft! IRRTITI ITP ftWiriTT 



wo 92/16554 



PCr/AU92/00108 



•19- 

protein is specific for the same protein. This protem is indicated by the arrow* 

Examples TgE Binding Studies with Rwombinant Bl, B2 and B4 clones 

The sera of 12 patients that bound strongly to crude esctracts of Cynadon 
5 dactylon pollen were tested for binding to recombinant Bl» B2 and B4 clones 
e^qiressed as a fusion proteia The residts demonstrate that nine of 12 C 
dactylon allergic patients that have antibodies binding to C. dactylon poUcn 
crude extract on a Western blot of an SDS-PAGE gel have IgE antibody that 
binds to clones Bl and B4 as a fusion protein. Six of 12 C. dactylon allergic 
10 patients that have antibodies binding to C. dactylonpoUtn crude extract on a 
Western blot of an SDS-PAGE gel have IgE antibody that binds to done B2 
as a fusion protein. These results are shown in Table 1. 

Table 1. ADergemcity of Bl, B2, and B4 clones 

ALLERGEN CLOhE IgE BINDING % POSITIVE 

Bl 9/12 75% 

B2 6/12 50% 

B4 9/12 75% 



Example 6 Qoning a fulHcngth Qn dallcigcn containing the sequence of B2 

clone 

Double-stranded cDNA is synthesized from approximately 4 mg pollen 
RNA using the cDNA Synthesis System Plus kit (BRL, Bethesda, MD). After a 
phenol extraction and ethanol precipitation, the cDNA is blimted with T4 DNA 
polymerase (Promega, Madison, WI), and ligated to ethanol precipitated, self- 
annealed, AT, 5* GGGTCTAGAGGTACCGTCCGATCGATCATT, and AL 5' 
p-AATGATCGATGCT, ohgonucleotides for use in a modified Anchored PGR 
reaction (Marsh et al., Allergen Nomendature BuU. WH.O 64: 767-770 (1986); 
Roux and Dhanarajan, Biotech. 8: 48-57(1990); Rafnar et al., /. Biol. Chem.266 
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linkered cDNA (5 ml) from a 20 ml reaction with 1 mg each of oligonucleotides 
AP, 5* GGGTCTAGAGGTACCGTCCG, and a primer CD-I, 5» 
TGGTCACGITGGAGGAGT, M*ich is based on B2 sequence. The primary 
polymerase chain reactions (PGR) is carried out in a programmable thermal 
controller from MJ Research, Inc. (Cambridge, MA) using the GeneAMP DNA 
Amplification kit (Perkm Ehner Cetus, Norwalk, CT) m a reaction containing 10 
ml lOx buffer containing dNTPs mixed with 1 mg of each primer, cDNA, 0.5 ml 
Amplitaq DNA polymerase, and distifled water to 100 mL Twenty-five rounds of 
amplification consisting of denaturation at 94*'C for 1 minute, annealing of 
primers to the template at 60°C for IJS minutes, and chain elongation at 72°C for 
2 minutes is carried out Five percent (5 ml) of this primary amplification is tiien 
used in a secondary amplification with 1 mg each of CD-2, 5* 
GGGGATCCGGTGATGTCTTTGCACTT, a nested oligonucleotide primer 
based on known B2 sequence, and AP, as above. OUgonudeotide primers AP, 
AT and AL have been previously described (Rafiiar et al., 1991, stqm^ 
Morgenstem et aL, Pmc Nad. Acad. ScL USA8S: 9690-9694; Griffitii et al, FEBS 
Lett. 279 (199): 215 (1991); Rogers et aL, /. Irmrud. 147: 2547-2552 (1991). 

Amplified DNA is recovered by sequential chloroform, phenol, and 
diloroform extractions, followed by precipitation at ^O'C witii 0.5 volumes of 7.5 
ammonium acetate and 1.5 volumes of isopropanoL After predpitation and 
washing vsitii 70% etiianol, die DNA is simultaneously digested witii 23Ki and 
Bam HI m a 15 ml reaction and electrophoresed tiu-ough a preparative 3% 
SeaPlaque lowmelt agarose (FMC Corp., Rockland, ME). The appropriate sized 
DNA band is visualized by etiiidium bromide ^tBr) staining, exdsed, and ligated 
into appropriately digested M13mpl9 dideoxy DNA sequencing (Sanger et al., 
supra) vnth. the Sequenase kit (US. Biodiemicals, Cleveland, OH). 

Full-length cDNA sequences comprising the cDNA sequences of dones Bl 
and B4 -w^ich full-length sequences encode Bermuda grass pollen protein 
allergens are being eluddated using PCR metiiodology as described for clone B2 
above. Nested oligonucleotide primers based on die non-coding sti-and sequence 
complementary to the nucleotide sequences given in Figs. 3 and 5 will be used 
with oligonucleotide primer AP to amplify full-lengtii dones from AT/AL 
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linkered cDNA derived from Cynodon dact^on RNA* 

Alternatively^ double stranded or single stranded probes ^ be prepared 
from all or a portion of the nucleotide sequence of dones Bl, B2 or B4 (see Figs. 
3y 5, and 8). These probes will be used to probe a library, for example a IgtlO or 
IgtU library, to identify homologous clones. Selected clones will be sequenced 
as described to identify full-length clones for Bl, B2 and B4. Specific probes will 
be generated and the libraries will be screened using standard procedures (Smart 
et al., suprd). 

Although the invention has been described with reference to its preferred 
embodiments, other embodiments can achieve the same results. Variation and 
modifications to the present invention will be obvious to those skilled in the art 
\ and it is intended to cover in the appended claims all such modifications and 

equivalents that follow in the true spirit and scope of this invention. 
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CLAIMS 

1. A nudeic add sequence coding for a protein allergen of the spedes 
Cynodon dactylon, or at least one antigenic fragment thereof or the functional 
equivalent of said nudeic add sequence. 

2. The nudeic add sequence of daim 1 comprising a nudeic add sequence 
selected from the group consisting of the nudeic add sequence of Clone Bl as 
shown in Fig. 3, the nudeic add sequence of Clone B4 as shown in Fig. 5, and the 
nudeic add sequence of Qone B2 as shown in Fig. 8. 

3. An oqH-ession vector comprising the nudeic add sequence of daim 1. 

4. An expression vector of daim 3 herein said nudeic add sequence is 
selected from die group consisting of the nudeic add sequence of Qone Bl as 
shown in Fig. 3, the nudeic add sequence of Qone B4 as shown in Hg. 5, and the 
nudeic add sequence of Qone B2 as shown in Fig. 8. 

5. A host cell transformed to eqwess a protein or peptide encoded by the 
nudeic add sequence of daim 1. 

6. A host cell transformed to express a protein or peptide encoded by the 
nudeic add sequence of daim 2. 

7. An isolated protein aUergen of the spedes Cynodon dactjion or at least 
one antigenic fragment tho'eof. 

8. The isolated protein allergen or antigenic fragment of daim 7 produced 
in a host cell transformed widi the nucleic add sequence of daim 1. 
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9. The isolated protein allergen or antigenic fragment of claim 7, produced 
in a host cell transformed with the nucleic add sequence of daim 2. 

10. A method of producing a protein allergen of the spedes Cynodon 
dactylon or at least one antigenic fragment thereof comiHising, culturing a host 
cell transformed with a nudeic add sequence encoding a protein allergen of the 
spedes Cynodon dactylonor andgenic fragment thereof in an appropriate medium 
to produce a mixture of cells and medium containing said protein allergen or 
antigenic fragment thereof; and purifying said mixture to produce substantially 
pure protein allergen of the spedes Cynodon dactylonor fragment thereof. 

11. An isolated protein allergen of the spedes Cynodon dactyion 
comprising an amino add sequence selected from the group consisting of the 
amino add sequence of done Bl as shown in Fig. 3, the amino add sequence of 
done B4 as shown in Fig. 5» and the amino add sequence of done B2 as shown 
in Fig. 8, or at least one isolated antigenic fragment thereof. 

12. An antigenic fragment of daim 7 wbidti has T cell stimulating activity. 

13. An antigenic fragment of daim 11 wiiidx has T cell stimulating activity. 

14. An antigenic fragment of daim 13 ^di has minimal immunoglobulin 
E stimulating activity. 



IS. An antigenic fragment of daim 13 v^ch does not bind immunoglobulin 
E specific for a protein allergen of the spedes Cynodon dactylonor if binding of 
the fragment to said immunoglobulin E occurs, such binding does not result in 
histamine release from mast cells or basophils. 
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16. An isolated antigenic fragment of claim 13 which binds 
immunogiobuJin E to a substantially lesser extent than the protein allergen from 
Tvhidi the fragment is derived binds said immunoglobulin E. 

17. An isolated protein allergen or antigenic fragment of claim 7 which 
modifies, ui a Bermuda grass pollen-sensitive individual to ^ch it is 
administered, the allergic response of the individual to a Bermuda grass pollen 
allergen. 

18. An isolated protein allergen or antigenic fragment of claim 11 vMdi 
modifies, in a Bennuda grass pollen-sensitive individual to ^ch it is 
administered, the allergic response of the individual to a Bermuda grass pollen 
allergen. 

19. An isolated protein allergen or antigenic fragment of daim 17 vMdx 
modifies the B cell response of the individual to a Bermuda grass pollen allergen, 
the T cell response of the individual to a Bermuda grass pollen allergen, or both 
the B cell response and the T cell response of the individual to a Bermuda grass 
pollen allergen. 

20. An isolated protein allergen or antigenic fragment of daim 18 ^cfa 
modifies the B cell response of the individual to a Bermuda grass pollen allergen, 
the T ceU response of the individual to a Bermuda grass pollen allergen, or both 
the B cell response and the T cell response of the individual to a Bermuda grass 
pollen allergen. 

21. A modified protein allergen of Bermuda grass pollen ^eh, when 
administered to a Bermuda grass pollen sensitive individual, reduces the allergic 
response of the individual to a Bermuda grass pollen allergen. 
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22. A modified protein allergen of claim 21 ^^erein the protein allergen 
that is modified comprises an amino acid sequence selected from the group 
consisting of the amino acid sequence of done Bl as shown in Fig. 3, the amino 
acid sequence encoded by clone B4 as shown in Fig. S» and the amino add 
sequence encoded by done B2 as shown in Fig. 8. 

23. At least one modified fragment of a protein allergen of Bermuda grass 
pollen ^ch, vAien administered to a Bermuda grass poUen-sensitive individual, 
reduces the allergic response encoded by the individual to said protein allergen. 

24. At least one modified fragment of a protein allergen of daim 25 
wherein said protein allergen comprises an amino add sequence selected from the 
group consisting of the amino add sequence encoded by done Bl as shown in 
Fig. 3, the amino add sequence encoded by done B4 as shown in Fig. 5» and the 
amino add sequence encoded by done B2 as shown in Fig. 8. 

25. An isolated protein allergen or antigenic fragment thereof \^ch is 
immunologically cross-reactive with a protein allergen of Bermuda grass pollen, 
said protein allergen of Bermuda grass pollen comprising an amino add sequence 
selected from the group consisting of the amino add sequence encoded by done 
Bl as shown in Fig. 3, the amino add sequence encoded by done B4 as shown 
in Fig. 5, and the amino add sequence encoded by clone B2 as shown in Fig. 8. 

26. A therapeutic composition comprising a protein allergen of Bermuda 
grass pollen, or at least one fragment thereof and a pharmaceutically acceptable 
carrier or diluent 

27. A tiierapeutic composition of daim 26 wherein the protein allergen 
comprises an amino add sequence selected from the group consisting of tiie 
amino acid sequence encoded by done Bl as shown in Fig. 3, the amino add 
sequence encoded by done B4 as shown in Fig. 5, and the amino add sequence 
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enooded by done B2 as shown in Fig. 8. 

28. A method of treating sensitivity in an individual to a protein allergen 
of Bermuda grass pollen^ comprising administering to said individual a 
therapeudcally effective amount of a therapeutic composition of daim 26. 

29. A method of treating sensitivity to in an individual to Bermuda grass 
pollen, comprising administering to said individual a therapeutically effective 
amount of a ther^utic composition of daim 27. 

30. A method of detecting in an individual sensitivity to a protein allergen 
of Bermuda grass pollen, comprising combining a blood sample obtained from 
said individual with an isolated protein allergen of Bermuda grass pollen or 
antigenic fragment thereof produced in a host cell transformed with flie nudeic 
add sequence of daim 1, or chemically synthesized under conditions appropriate 
for binding of blood components wifli the protein allergen or fragment thereof 
and determining the extent to vAdch sudi binding occurs. 

31. The method of daim 30 herein the extent to ^ch binding occurs is 
determined by assessing T cell function, T cell proliferation, B cell function, 
binding of the protein or fragment thereof to antibodies present in die blood or 
a combination tiiereof . 

32. A method of detecting in an individual sensitivity to a protein allergen 
of Bermuda grass pollen, comprising combining a blood sample obtained from 
said individual witii an isolated protein allergen of Bermuda grass pollen or 
antigenic fragment thereof produced in a host cell transformed with die nudeic 
add sequence of daim 2, or chemically synthesized under conditions appropriate 
for binding of blood components witii die protem allergen or fragment thereof 
and determining the extent to ^ch such binding occurs. 
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33. Tlie method of daim 32 herein the extent to vMdi binding occurs is 
determined by assessing T cell function, T cell proliferation, B cell function, 
binding of the protein or fragment thereof to antibodies present in the blood or 
a combination thereof. 

34. Monoclonal antibodies specifically reactive with a Bermuda grass 
pollen allergen or an antigenic fragment thereof. 

35. Polydonai antibodies specifically reactive with a Bermuda grass pollen 
allergen or an antigenic fragment thereof. 
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Fig. 1 
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Fig. 5(a). 



Fig. 5(b}. 
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Fig. 6(b). 
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Fig.8(a). 



Fig.e(b). 



Fig. d(c). 
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